In most of bi-valent situations, stimulus intensity plays more or less an important role. Hull's stimulus intensity dynamism refers to a reaction of an organism as a whole. However, the function of stimulus intensity may be examined in various levels or subsystems of stimulus-response organization, e.g., in the sensory-perceptual reaction system, and these functions must be compared and related to each other. The problem of the present experiments is rather simple. How does stimulus intensity function in the situation of binocular rivalry?
Several workers have already treated the effects of stimulus intensity on binocular rivalry (Alexander, 1951; Alexander & Bricker, 1952; Breese, 1899 Breese, -1901 Breese, , 1909 Dawson, 1915 Dawson, -1917 Kuroda, 1915 Kuroda, , 1918 Kuroda, , 1920 Mull, Armstrong, & Telfer, 1956; Obonai & Shinozaki, 1942) . In most of these works, however, the main concern has been on the rate of rivalry or frequency of alternation. Generally speaking, as Woodworth and Schlosberg summarized (1954) , intensity factors in a broad sense facilitate alternation.
But it seems doubtful whether a definite functional relationship would exist between the rate of rivalry and an intensity factor. The rate of rivalry or of alternation seems to depend on various extraneous and incidental factors which can not easily be controlled. In this article, predominancy or prevalency in rivalry as dependent on stimulus intensity is mainly concerned.
In rivalry between two stimulus figures or between two figure processes, it is usually observed that, the more intense either of the two is, the more it predominates over the other. We must determine, however, functional relationships between degree of predominancy and stimulus intensity in order to understand more concretely the properties of the situation of rivalry, along the line of thought described above.
GENERAL PROCEDURE
The apparatus (see Fig. 1 ) is essentially the same as that previously reported (Kakizaki, 1948) . The main stimulus figure is cut in a black cardboard paper and is placed at F1 in front of the ground glass plate which is illuminated from behind by a light source S1, and the figure is reflected upon the eye E by a halfmirror M1. Another unit M2-F2-S2, which is fixed vertically to the axis of M1-F1-S1, can present any other figures simultaneously or successively with F1. These two units altogether can be rotated horizontally so that F1 (and F2) can take any visual direction at will. Its center of rotation is coincident with the center of rotation of the eye. This is the unit for the right eye. There is a similar unit for the left eye. Thus the apparatus is in principle a kind of haploscope.
The third figure F3 can be presented to both eyes. It is used together with F2 as a background or a frame figure. These figures are always optically equidistant (25 cm) from the eye.
All equipments are in a dark room and any other lights except these figures cannot be seen when the eye is placed at E.
The intensity of F2 and F3 is varied by voltage change and by filters. The intensity of F1 can be varied at will by changing the distance between S1 and F1 and by using appropriate filters at f and, if necessary, those at f'. Calibration of intensity (luminance) of F1 is made in terms of millilamberts (mL) by directly measuring luminance of the figure at F1 by a photocell illuminometer and also measuring reflectance and transparency of filters and halfmirrors.
The observer (O) is given two telegraph-keys one to each hand and is instructed to press one of them when one of the two figures appears dominantly in the field. With two electric clocks connected to the keys, the total time of appearance of each figure (total time of seeing each figure) during a certain observation period are recorded. The number of appearance (seeing) is also counted by two handcounters manipulated by the experimenter who is watching two signal lamps which are connected to the keys in parrallel with the clocks.
The basic procedure is as follows. After dark-adaptation for 10 min. or more, two or three pre-experimental observations are made on a pair of figures of equal intensity (usually 1.0 log-mL). This is done in order to make O's set as stable as possible, to secure adaptation to the luminance of the background, and at the same time to obtain control data for day-to-day variability. Then necessary instructions specific to each experiment are given and experimental observations start.
An observation is carried out as follows. After a ready signal, O places his eyes at the previously adjusted position (E in Fig. 1 ) which is maintained by a headrest throughout the observation period and he fixates at the center of the field. Then the stimulus figures are exposed and O starts his key responses. During the first 20 sec., however, records are not taken, after which circuits of keys and clocks are put on and the time (t) and the number (n) of appearance are measured. In other words, O is in reality responding for (20+T) Figures L and R are brought to the center of the field (as indicated by the arrows), and coincide with each other. * "Appearance" or "seeing" of a figure in binocular rivalry is, with the procedure used here, opperationally defined by the occurence of O's key-pressing response. In this sense t or P (or R) conveys a meaning of probability of such response. It must have a certain threshold, above which, phenomenologically, appearance of a figure is clear enough for O to press the key. This threshold will differ from O to O, and probably from occasion to occasion.
Rivalry and Stimulus
Intensity 97 horizontal line was used. Each figure consisted of three small oblongs illuminated from behind and were placed at F1 (see Fig. 1 ). A moderately illuminated circular field (430 50' in diameter) was exposed at F3 as background. At the center of the field two thin threads were crossed (see Fig. 2 ). F2 was not used in this experiment. First, the left eye, for instance, was closed and the right-hand unit of the apparatus was rotated so that R was apparently located at the center of the field and the crossing point of the threads apparently coincided with the center of the figure. Similarly L was also brought to the center. Thus, in binocular vision, L and R were in an identical visual direction and rivalry could be observed. Central, parafoveal vision was secured by fixating at the crossing point of the threads.
In this setup, the luminance of the background was in effect added to that of the figures. But, if Ig was set at unitary luminance, the intensity of a figure and the ratio of it to the ground were both represented by log It or log I, which were equivalent to log (hi/1g) or log (Irllg) respectively.
Three levels of intensity, .2 log I, 1.0 log I and 1.8 log I, were used for each of the two figures. Thus we had nine different pairs of figures. In one sitting, It was held constant at one of the three levels and paired with the three levels of I,.. Three observations (T= 90 sec.) were made on each pair with 30 sec. interval. Two or three minutes rest periods were interposed between pairs in order to extinguish after-effects of preceding observations. The second and the third sittings were identical to the first sitting except It was held constant at other levels. These three sittings were separated by a week or more. The order of presenting It and of pairing of I,. with it were systematically varied from 0 to O.
Results The predominancy of the right figure (Pr) as a function of Jr is shown in Fig. 3 . An overall analysis of variance shows that the effects of I's are highly significant, and that the interaction of I and 0 is barely significant, which is mainly due to the fact determined not solely by its intensity but also by the intensity level of the other figure. 
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And yet, a simple ratio of intensity is not the determinant. This is shown in Fig. 4 , where P, is plotted against the intensity ratio of the two figures. A proposition may be raised, that is, when intensity ratio or difference of log intensity is constant, the lower the intensity of the rival is, the higher is the predominancy of the other figure. When log Ir/II is .8, Pr is much higher for .2 log II than for 1.0 log h. When log (Ir/Ii) is .8, Pr is nearly 50% for 1.8 log h whereas it is less than 5% for 1.0 log II, and this means that P1 is nearly 50% for 1.0 log Jr whereas it is more than 95% for .2 log Ir. These differences are highly significant (p<.01).
When log (1,1h) =0, namely, when Jr equals II, Pr's do not differ significantly from each other, both being nearly 50%.
The mean number of appearance (n) during T are shown in Table I . In binocular rivalry, figures do not alternate in a strict sense but rather appear and reappear in a more or less random sequence. Consequently, nI and n, are in general not equal. But, when 0's eye-preference is small and the observation period is sufficiently long, n becomes practically equal so long as the difference of intensity of the two figures are not so large. Thus, for the sake of simplicity, the average of nI and nr are shown in the table.
It will be seen that under the condition where II is equal to I n is small when the level of intensity (and consequently the contrast ratio of the figure) is low, and n is large when it is high (see the values marked with an asterisk). This is in agreement with the data of the previous workers already cited. Another point will be seen in the table.
Namely, n is larger when II is equal to IT than when they differ largely. This point will also be examined in the next experiment.
EXPERIMENT II
A more precise examination of the curves shown in Experiment I was attempted in this experiment. Procedure
The conditions of stimulus figures were the same as in Exp. I.
In series 1, log II was held constant at 1.0 and was paired with five log Ir's, .2, .6, 1.0, 1.4 and 1.8. Similarly, in series 2, log Ir was constant while log h was varied.
Two O's were selected who had shown practically no eyepreference and also shown insignificant day-today variability. The experiment consisted of two sittings, one week or more apart, in each of which the two series mentioned above were carried out. In each series, the five intensity pairs were presented both in ascending and in descending order. For one 0, series 1 was assigned first and series 2 second in sitting 1, and series 2 first and series 1 second in sitting 2. For another 0 the order was reversed. The order of presentation of pairs were also systematically varied. After all, four determina- tions per a pair were made for each 0. T was 90 sec.
Results Since the results of the two Os are quite alike in every respect, and moreover, the results of the two series are almost identical except changes of subscripts of various notations, only the data of series 1 for the first 0 are presented here. Fig. 5 shows P,. as a function of Jr. If an equation similar to Hull's equation of stimulus intensity dynamism are fitted tentatively, we obtain P=64.29(1 -1.3027 x 10-8127 log Ir) The theoretical curve fits the observed data very well except for the lowest point. The curve has an asymptote whose ordinate is 64.29%. It means that predominancy (Pr) of R should not exceed that value however intense 4 may be, so long as It has a certain value. The curve also cuts the abscissa at .14 log /r. It means that Pr is zero percent, and accordingly P1 is 100%, when log Ir=14 and log I =1.0. Generally speaking, P of a figure would never reach 100% when intensity of the rival is not so small, but if the rival is weak, complete predominancy may be achieved. This finding is related to the fact found in Exp. I, which has been described concerning Fig. 4 , and it will be Table 2 Mean number of appearance (n), mean time of appearance (7-sec.), and stimutus intensity (Ir).
(log h=1.0) examined more concretely in Experiment III. Fig. 6 shows t1 and tr as a function of At least under the conditions of the present experiment, it will be obvious that the rate of increase in tr is less than that of decrease in ti. The characteristic shape of Pr-curve should be ascribed to such interrelation between t1 and tr.
The number of appearance (n) showed some irregular changes with variation of I, although general trends are in accordance with what was found in Exp. I. Mean time of appearance (r-sec.) was computed and related to I, using the formula:7=(ti+tr)1(ni+ n,). Table 2 suggests that, when a figure predominates over another, a of both figures are reduced and r of the predomi- nating figure increases while that of the predominated figure decreases, and that, as predominancies of both figures become equal, the difference between the is is also reduced.
Another aspect of the function is shown in Fig. 7 , where a denotes the percentage of ti+tr) based on T. It can be signified as stability of the situation because the larger a. is, the smaller is t, (indeterminate period). In Fig. 7 , the solid line is obtained from series 1 and the dotted line from series 2. Obviously, stability of situation is proportional to predominancy.
Supplementary data to Exp. II Although P-values are found to have an asymptote, it is suspected that P may actually exceed the mathematically defined limiting value if 1 is increased further and further to an extreme. Unfortunately, the apparatus cannot afford the luminance of figures so high as to test such an extreme case. But, the log-intensity value in Experiments I and II is, as already noted, equivalent to the log-contrast value (log I/4). Thus a considerably high contrast value can be obtained by reducing log 4. With this technique, P's were determined with the two Os for the contrast value up to 2.5 log I/Ig, but the P-value did not exceed 60-65%.
Another possibility which was not revealed in Exp. II is that the P-curve shown in Fig. 5 might have an initial rising or positively accelerating portion if examined more closely. This possibility was also examined with the same two Os. The results indicates that such is the case (see Fig. 8 ).
EXPERIMENT III An outline of dynamics of binocular interrelations was illustrated in Exp. I and one aspect of it was analysed in Exp. II. The purpose of Exp. III was to obtain data which could provide an overall description of these functional relationships.
Procedure The stimulus figures were the same as in the previous experiments. Five levels of intensity of R were paired with each of four levels of intensity of L. Thus twenty pairs of intensity were observed twice for each of three Os. Two sittings were carried out. In the first sitting I! was varied in ascending order and with each level of it various It's were paired once in descending order. Iu the second sitting , the orders were reversed. The two sittings were separated one to five days. T was 60 sec.
Results Main results with respect to P,. are illustrated in Fig. 9 . All curves are similar to those previously found. In the lowest two curves positively accelerating portions are observed.
Rivalry
and Stimulus Intensity 101 Disregarding these portions for simplicity's sake, the upper limits (asymptotes) of P's were estimated by the same method as in Exp. II and are shown in Table 3 . It is suggested that the upper limit of P decreases almost linearly with increase of log-intensity of the rival figure. But this linear relationship may perhaps be an artifact.
The values of the first and second points from the right of the uppermost curve in Fig. 9 is unduely suppressed. They should be discarded because of extremely small It which makes L to appear by mere chance. In Fig. 10 average is are plotted against 1rr. Except some irregularities in tr curves, considerably regular relations are found between is and intensity and at the same time between ti and tr.
It will not be unreasonable to suppose that an S-shped function exists throughout the whole family of curves and each curve is revealing a phase of such a basic function. Moreover, a somewhat reciprocal interrelationship vvill he seen between the slope of a 11-curve and that of the corresponding tr-curve.
Let us see, for example, Fig. 10 and assume ti and 1, as indices of probabilities of appearance of L and R, respectively, and allow us to say more or less metaphorically. In combat of L with R, where the absolute strength of L is held constant at a low level (e.g., at .2 of log II) and that of R greater than this, probability of winning of R increases very rapidly as its strength increases, and that of L decreases rather slowly (see the dashed lines in the figures). On the contrary, if the strength of L is held constant at a considerably high level (e.g., at 1.0 of log It) and that of R increases from a very weak level up to this level, R's probability of winning increases rather slowly but in a positively accerelating fashon and L's probability of winning decreases more rapidly but in a negatively accelerating fashon. When strength of R exceeds that of L, R's increment in winning probability decreases gradually and L's decrement in the probability also decreases so as to maintain the last minimum value which cannot be defeated however strong R is (see the dotted lines in the figures). This leads to the aforementioned fact that P has an asymptote and never reach 100% when intensity of the rival is fairly high.
It must be remembered in this connection, that, for a given ratio of I,/It, the lower the level of I is, the higher is the value of Pr. Data of the present experiment also yields this proposition, which means, if put in other words, that the effect of intensity ratio of the one figure to the other on predominancy of the former is a decreasing function of intensity of the latter.
EXPERIMENT IV In the previous three experiments, the figures has been exposed on a background having certain luminance and stimulus intensity of the figures has been specified as I/Is. The purpose of this experiment was to ascertain whether there is the same function as before when figures were placed on a dark background.
Stimulus intensity was defined here by its luminance itself, in other words, by its absolute intensity. Procedure The unit of the apparatus M2-F2-S2 was used in addition.
At F., a red square contour tilted 45° from the horizontal line was exposed and seen monocularly. Its side was 4° 35' in length and 10' or less on width. At F3, in place of the circular field which had served as background, a red contour identical with the one at F, was presented and seen binocularly. They were apparently a diamond-shaped red contour, dimmly illuminated.
First, the diamond of the left unit, for example, was exposed and the one of the right was not exposed. 0 rotated the unit so that the diamond at F2 apparently coincided with the one at F3. Similarly, the right diamond was brought to coincidence with the one at F3. After all, the three contours were on an identical visual direction and a very stable condition for haploscopy was achieved. The main stimulus figures at FI were circular light patches 1° 25' in diameter, each of which was divided into two semi-circles by a dark gap running obliquely through the center. Directions of the gaps of L and R were antagonistic to each other. The figures were presented at the center of the diamond-shaped frame. 0 was instructed to fixate at the center of the red frame where the center of figures were seen.
With three levels of I, (-1.45 log-mL, .15 log-mL and 1.15 log-mL), seven 11's, from 2.10 to 1.80 log-mL in .65 log-mL steps, were paired. Four observations for each 21 pairs were done with each of 5 Os in a balanced order. Observation period (T) was, as in Exp. III, 60 sec. Figs. 11 and 12 , respectively. Behavior of P1 and t's are quite alike as in the previous experiments. However there appear some discrepancies. For example, when the curves of Fig. 12 are compared with those of Fig. 10 , the range of log I is 1.6 (1.8-.2) in Fig. 10 whereas it is 3.90 (1.80+2.10) in Fig. 12 . Otherwise ex- pressed, the whole family of the curves is in a narrower range in Exp. III while it is in a wider range in Exp. IV. For convenience, let us take the curve of Fig. 5 and compare it with the curve of .15 log I, in Fig. 11 . They are comparable so far as the middle point of them is P with the equivalent pair (pair of equal stimulus intensity) irrespective of the differences in definition of intensity, i.e., whether it is contrast ratio or absolute intensity. Notice that P's are in both cases almost exactly 50% at that point. The curve approaches the abscissa (P=0) at a point .8 log unit from the equivalent intensity in case of Fig. 5 , whereas the corresponding distance in case of Fig. 11 is about 1.95.
Results

P1 and t's are shown as a function of It in
It seems useful to introduce here a kind of visibility factor. Discrimination thresh- olds for the figure used in Exp. II was measured and it was estimated on the average to be .5 log (Ir/Ig). Measurement of absolute threshold for the figure used in Exp. IV was also attempted, but, owing to technical inadequacies, individual differences were very large. Pooling all available data together, however, it was possible to infer that the threshold was between 2.5 and 3.0. Now, like decibel unit, stimulus intensity could be determined by the log distance from threshold. If abscissae of both figures were resealed by this principle, P, is nearly zero at .7 (.2+.5) from the discrimination threshold in Exp. II, and P1 is so at somewhere between .4 and .9 from the absolute threshold in Exp. IV. If averaging is permitted, the value is .65 from threshold, which differs little from .7. This would suggest that the initial starting points of the curves were equal in both experiments according to visibility. The distance of the equivalent point from visibility threshold was small in Exp. II and large in Exp. IV, and the narrowing or the widenning of the functional range of stimulus intensity should probably depend on this distance.
Disc055I0N
The problem of the present experiments are twofold : first, to discover a set of stimulus intensity functions basic to binocular rivalry, and second, to interpret it as a rough sketch illustrating at least an aspect of the dynamics in the bi-valent situation in general.
The families of curves, which are presented, for example, in Figs. 9 and 11, or in Figs. 10 and 12, would be sufficient to tell the whole story. Various fragments of the story, such as those explained in connection to Fig. 10 , would be automatically derived from the family of curves. If the assumption that t, total time of appearance during an observation period T, or its percentage based on T, could be signified as an index of " force to appear " or of " efficiency " of a figure, (Kakizaki, 1959) , in which effectiveness of voluntary control was measured at various levels of figural predominancy determined by the stimulus intensity function. Although data were not sufficient enough to make any decisive conclusion, a significant variation of the stimulus intensity function was observed and it was interpreted as a result of interaction between figural predominancy and voluntary control. It was hypothesised that in this situation two systems were interrelated, whatever their physiological correlates may be; the one stimulus determined sensory system and the other a higher-order control system over the one. Such a situation has in itself a kind of bi-valent property so long as the final response is determined by the interaction between potentials of the two systems. In this way it may be possible to compare and relate properties of binocular rivalry to other more complex behavioral situations.
In recent years, many articles have been published concerning the effect of behavioral, motivational, emotional, personal, and even cultural determinants on perception. A common methodology of these studies has been to detect the alleged effect under conditions of reduced or ambiguous stimulus situations including binocular rivalry (Baghy, 1957; Davis, 1959) . Many of the findings thus obtained, however interesting they may be, can he nothing more than a mere demonstration of the facts unless stimulus functions of the situation are more concretely specified. If we are to clarify " dynamical " aspects of perception, we must first determine how stimuli are functioning in perception.
Let us return again to the main subject. It has been said so far that L and R figures interact in binocular rivalry. It is obvious, however, that what really interact are not figures or stimuli themselves but certain psycho-physiological processes. From operational point of view, is and n's which have been the most fundamental measures in the present experiments were nothing more than time and number of 0's key-pressing responses. Needless to say, various processes must intervene between " intensity " of stimulus and " time " or " number " of key-pressing. For the time being, however, it will not be unreasonable to assume a perfect correlation between the key-pressing response and the sensory responses in the visual system. Then, a question must be raised. How, in binocular rivalry, are the sensory responses related to stimulus intensity? If the correlation between the strength of response of visual system and stimulus intensity is not linear, what has been said about bi-valent dynamics should be modified to some extent. And, to what extent? The question must he traced hack to the old Fechnerian problem of inner-and outerpsychophysics. Some discussions on this point were given by the present author elsewhere (Kakizaki, 1959) . However, there is no reason to deny the significance of the data presented here.
Little attention was paid in this article on the " rate " of rivalry, which was denoted by n in the present experiments. As mentioned at the beginning, rate of rivalry seems to be more complex and indeterminate than predominancy does. A number of findings which have been reported by previous authors show some contradiction. This point must also he discussed in detail in another opportunity.
SUMMARY
The main subject of the present experiments was effects of stimulus intensity on the predominancy of a figure in binocular rivalry.
Intensity (I) of the foveally fixated white-on-black figures was the main variable and total time of appearance (t) Rivalry and Stimulus Intensity 105 during an observation period (T) was the basic measure from which a tentative index of predominancy (P) was derived. Main findings were as follows. 1. P is a basically S-shaped increasing function of log I.
2. Effect of intensity ratio of the two figures in rivalry on P is dependent on the level of intensity of the figures.
3. Modes of variation of is as a function of intensity suggest some interrelations in binocular system. 4. A kind of visibility factor seems to be a parameter of the function.
Assuming binocular rivalry as a model of the bi-valent situation, some methodological considerations of the significance and the limitations of the experiments were discussed.
